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The time evolution of a cosmological scalar field can be stopped by an increasing mass of the
neutrinos. This leads to a transition from a cosmological scaling solution with dynamical dark
energy at early time to a cosmological constant dominated universe at late time. The trigger for
the transition is set at the time when the neutrinos become non-relativistic. The characteristic
mass scale for dark energy is thus related to the neutrino mass, the only known particle physics
scale in its vicinity. This explains the “why now problem” for dark energy. We present a particle
physics realization of this “growing matter” scenario. It is based on the very slowly varying mass
of a superheavy scalar triplet field whose expectation value dominates the light neutrino masses.
Growing matter has been proposed recently as a mecha-
nism to stop the time evolution of a dynamical dark energy
[1]. An association of this growing matter component with
neutrinos, “growing neutrinos”, yields interesting relations
between the present mass of the neutrinos and the dark en-
ergy density or its equation of state. A crucial ingredient
is the variation of the neutrino mass with time. In this let-
ter we present a simple particle physics model that realizes
the growing neutrino scenario in a natural way. In particu-
lar, we will find a natural explanation for a large coupling
between the neutrinos and the cosmological scalar field.
Neutrino oscillations have provided convincing evidence
that neutrinos are massive. However, the neutrino masses
are tiny as compared to the masses of the charged fermions.
This can be understood in terms of symmetries. Indeed,
the standard model of electroweak interactions involves
only left handed neutrinos such that no renormalizable
mass term for the neutrinos is compatible with the gauge
symmetry. As a further consequence of the gauge symme-
try the difference between baryon number B and lepton
number L is conserved by all renormalizable interactions.
Neutrino masses can only arise from effective dimension
five operators which involve two powers of the vacuum ex-
pectation value of the Higgs doublet, d ≈ 175 GeV. They
are suppressed by the inverse power of a large mass scale
MB−L which is characteristic for B − L violating effects
within possible extensions beyond the standard model.
The characteristic size of the neutrino masses, mν,i =
Hid
2/MB−L, involves appropriate combinations of dimen-
sionless couplings, Hi. Consistency with the observed os-
cillations requires for the mass of at least one neutrino
mν,i & 0.05eV . For Hi of the order one this implies an
upper bound MB−L . 6 · 1014 GeV [2]. It is notable that
this bound is lower than a possible scale of grand unifica-
tion,MGUT ≈ 1016 GeV. This difference in scales is further
enhanced if the Hi are smaller than one or if the heaviest
neutrino mass is larger than 0.05 eV. We will assume here
a ratio MB−L/MGUT &
√
ms/mt ≈ 1/30 as suggested by
the necessity of SU(4)C-breaking mass terms for the sec-
ond generation quarks [2]. This requires Hi of the order
one or larger, which may not seem very natural if the neu-
trino masses arise from an induced triplet (see below) and
are in the range above 0.1 eV. In this note we will propose
a dynamical mechanism where H is driven to large values
in the course of the cosmological evolution.
This mechanism will lead to a fast increase of the neu-
trino mass from a generic valuemν . 10
−3 eV to its present
substantially larger value. This increase is due to the time
evolution of a scalar field - the cosmon - which changes its
value even in the present cosmological epoch. The growing
neutrino mass has rather dramatic consequences for cos-
mology. It essentially stops the cosmological evolution of
the cosmon and triggers an accelerated expansion of the
Universe, thus realizing the “growing matter” scenario [1].
The increase of the neutrino mass acts as a cosmological
clock or trigger for the crossover to a new cosmological
epoch.
The evolution of the cosmon field stops close to a value
ϕt which is characteristic for the transition between the two
different cosmological epochs. This value does not corre-
spond to a minimum of the effective potential V (ϕ) for this
scalar field. It is rather selected by a cosmological event,
namely the sudden increase of the neutrino masses. The al-
most constant asymptotic value of the dark energy is given
by V (ϕt). It is determined by a “principle of cosmological
selection” rather than by the properties of the vacuum.
The most general mass matrix for the three light neutri-
nos reads [2]
Mν =MDM
−1
R M
T
D +ML. (1)
The first term accounts for the seesaw mechanism [3]. It
involves the mass matrix for heavy “right handed” neutri-
nos, MR, and the Dirac mass termMD = hνd. The second
term accounts for the “cascade” or “induced triplet” mech-
anism [4]
ML = hLγ
d2
M2t
. (2)
Here a small expectation value of a heavy SU(2)L-triplet
field with mass Mt is induced by a cubic coupling γ in-
volving the triplet and two powers of the Higgs-doublet.
The triplet carries two units of lepton number such that
γ ∼ MB−L. In view of the repetition of the gauge hier-
archy (d/MGUT ) in the respective size of the doublet and
triplet expectation values we may call this the “cascade
2mechanism”. (The cascade mechanism is often called “see-
saw II”, which seems not the most appropriate name since
no diagonalization of a mass matrix with large and small
entries is involved, in contrast to the first term in eq. (1).)
For simplicity we will neglect here the generation structure
(Mν andML are 3×3 matrices) and associate mν with the
average neutrino mass
mν =
h2νd
2
mR
+
hLγd
2
M2t
. (3)
With mR = σMB−L , hLγ = κMB−L the dimension-
less combination H , defined by mν = Hd
2/MB−L, obeys
H = h2ν/σ + κM
2
B−L/M
2
t . Discarding large dimensionless
couplings hν , κ large values of H require small σ or small
M2t /M
2
B−L. We will realize here the second alternative by
a time dependent Mt, but a similar mechanism with time
dependent mR is also possible.
The generic size of the triplet mass is Mt ≈ MGUT . As
a key feature of our scenario we assume that Mt depends
on the value of the cosmon field ϕ,
M2t = ctM
2
GUT
[
1− 1
τ
exp
(
−ǫ ϕ
M
)]
, (4)
with ct and τ of the order one, τ > 1, and M the reduced
Planck mass. For ǫ < 0 the triplet mass decreases with
increasing ϕ and has a zero, Mt(ϕt) = 0, for
ϕt
M
= − ln τ
ǫ
. (5)
In consequence, the neutrino mass increases fast when ϕ
approaches ϕt
mν(ϕ) = m¯ν
{
1− exp
[
− ǫ
M
(ϕ− ϕt)
]}
−1
. (6)
Here we have replaced the parameter τ by ϕt and we ne-
glect the seesaw contribution, which is subleading for the
range of ϕ near ϕt relevant for our discussion. The pa-
rameter m¯ν is given by m¯ν = (κ/ct)(MB−L/M
2
GUT )d
2,
with a characteristic size m¯ν ≈ 3 · 10−5 eV for κ/ct =
1/3 , MB−L/MGUT ≈ 1/30.
For ϕ near ϕt we can approximate
mν(ϕ) =
m¯νM
ǫ(ϕ− ϕt) . (7)
Only this range will be relevant for the quantitative dis-
cussion of cosmology below. We observe that the detailed
form of the ϕ-dependence of Mt is actually not important.
It is sufficient that M2t (ϕ) crosses zero for ϕ = ϕt and ad-
mits a Taylor expansion at this point. The neutrino mass
depends only on the two effective parameters appearing in
eq. (7), namely ϕt/M and m¯ν/ǫ. Since only a small range
of ϕ near ϕt plays a role we can neglect the ϕ dependence
of all particle physics parameters except for Mt or mν .
Before discussing cosmology we also have to specify the
dynamics of the cosmon field as determined by a La-
grangian ∼ 12∂µϕ∂µϕ + V (ϕ). We choose an exponential
cosmon potential
V (ϕ) =M4 exp
(
−α ϕ
M
)
. (8)
Cosmology will therefore depend on three parameters,
α, ϕt/M and m¯ν/ǫ. In addition, the matter density at
some initial time, ρM (teq), can be mapped into today’s
value of the Hubble parameter H0. In early cosmology the
neutrino mass is negligible and neutrinos behave as a rel-
ativistic fluid. Their number density is fixed, as usual, by
the physics of decoupling as described by the ratio of ef-
fective neutrino and photon temperatures Tν/Tγ . In this
early period the cosmological evolution depends only on α
and is described by a scaling solution [5] with a constant
small fraction of dark energy density
Ωh,e =
n
α2
, (9)
with n = 3(4) for the matter (radiation) dominated epoch.
However, the neutrino mass grows with increasing
ϕ = ϕ0 + (2M/α) ln(t/t0). (10)
The scaling period ends once the neutrinos become non-
relativistic. Then the cosmon-neutrino coupling influences
the field equation for the cosmon [6], [7]
ϕ¨+ 3Hϕ˙ = −∂V
∂ϕ
+
β(ϕ)
M
(ρν − 3pν), (11)
β(ϕ) = −M ∂
∂ϕ
lnmν(ϕ) =
M
ϕ− ϕt .
Here ρν and pν are the neutrino energy density and pres-
sure, obeying
ρ˙ν + 3H(ρν + pν) = −β(ϕ)
M
(ρν − 3pν)ϕ˙
= − ϕ˙
ϕ− ϕt (ρν − 3pν). (12)
The r.h.s of eq. (12) accounts for the energy exchange
between neutrinos and the cosmon due to the varying neu-
trino mass [6]. We observe β(ϕ) < 0 for the range ϕ < ϕt
where ϕ increases towards ϕt. The effective coupling β
diverges for ϕ → ϕt and can therefore become very large
for ϕ near ϕt. This effect stops the evolution of ϕ which
approaches the value ϕt arbitrarily close but cannot cross
it. As a consequence, the potential energy approaches a
constant, V (ϕ) → Vt = V (ϕt), which acts similar to a
cosmological constant and causes the accelerated expan-
sion. As ϕ approaches ϕt the kinetic energy ϕ˙
2/2 must
vanish asymptotically. Therefore the equation of state for
the cosmon will approach the value wφ = −1, and the
combined equation of state for the cosmon and neutrinos
approaches w = −Vt/(Vt + 2ρν). We will see that ρν/Vt
vanishes asymptotically, such that w → −1. In summary,
the cosmology of our model describes a rather abrupt tran-
sition from the scaling solution for early cosmology to a
cosmology with a cosmological constant
Vt =M
4 exp
(
−αϕt
M
)
. (13)
For αϕt/M ≈ 276 the cosmological constant has a value
compatible with observation. This amounts to the condi-
tion (5)
ǫ = −α ln τ
276
. (14)
3Upper bounds on early dark energy require α & 10 [8] such
that for ln τ = O(1) only a rather mild ϕ-dependence of
the triplet mass is required, ǫ ≈ −0.05. We notice that for
given α and ln τ a different value for ǫ would change αϕt
and therefore the present dark energy density. However,
this would just change the time of the trigger event - also
the neutrinos would become non-relativistic at a different
time. The present dark energy density remains directly
connected to the energy density of the universe at the time
when the neutrinos become non-relativistic.
From the observational bounds on the present value of
the neutrino masses we infer in our scenario that this trig-
ger event must have happened in the recent cosmological
past. This allows us to relate the effective cosmological
constant to the present value of the neutrino mass mν(t0).
For this purpose we need the present value of the cosmon
field, ϕ0 = ϕ(t0). Using eqs. (7), (11) (with m¯ν ≈ 3 · 10−5
eV)
mν(ϕ) =
β(ϕ)
ǫ
m¯ν (15)
we conclude that the present value of the coupling β(t0)
must be large and therefore ϕ0 very close to ϕt. Extrap-
olating backwards we can compute the time tR when the
neutrinos became non-relativistic. We can identify Vt with
the value of V at the end of the early scaling solution at
the “crossing time” tc, which is close to tR,
Vt ≈ V (tc) ≈ 3
2
Ωh,eM
2H2(tc)
=
9
2α2
M2H2(tc) =
2M2
α2t2c
. (16)
Since neutrinos have become non-relativistic only in the
recent past the huge value of tc in units of the Planck time
M−1 explains the tiny present value V (t0)/M
4 ≈ 10−120.
Our scenario relates the characteristic mass scale for dark
energy, ρ
1/4
h ≈ 2 · 10−3 eV, to the only known particle
physics scale in its vicinity, the neutrino mass.
For a quantitative investigation of cosmological solutions
it is useful to use dimensionless variables s = −α(ϕ −
ϕt)/M , x = ln a , ∂t = H∂x with V = Vte
s. The field
equations for a homogeneous and isotropic universe can be
cast into the form of evolution equations for the energy den-
sity of matter ρm, (cold dark matter and baryons), radia-
tion ργ , neutrinos ρν , and the cosmon ρh = V +M
2s˙2/2α2,
∂x ln ρm = −3 , ∂x ln ργ = −4,
∂x ln ρν = −3(1 + wν) + β(s)
α
(1− 3wν)∂xs,
∂x ln ρh = −6
(
1− V
ρh
)
− β(s)
α
(1− 3wν)ρν
ρh
∂xs,
∂xs = ∂x lnV = −
√
6α2(ρh − V )
ρh + ρν + ρm + ργ
. (17)
Here we assume a flat universe ρh+ρν+ρm+ργ = 3M
2H2,
and the neutrino equation of state wν = pν/ρν depends on
the ratio between neutrino mass mν(s) and temperature
Tν .
The results of a numerical integration of the evolution
equations are shown in figs. 1-3. As parameters we use
α = 10, m¯ν = 7 · 10−5eV, ϕt/M = 27.648, ǫ = −0.05. This
results in a present neutrino mass mν(t0) = 0.44eV and
Ωm(t0) = 0.24. Fig. 1 exhibits the crossover from a mat-
ter dominated universe to a dark energy dominated uni-
verse. We note the oscillatory behavior of the neutrino
fraction Ων , whereas the matter fraction Ωm remains very
smooth. The effective stop of the evolution of the cosmon
field, which is triggered by the neutrinos becoming non-
relativistic, can also be seen from the equation of state in
fig. 2. The fast drop in the ratio of kinetic to potential
energy of the cosmon, T/V , (with T = ϕ˙2/2) is reflected
in the fast approach of wh = (T −V )/(T +V ) towards −1.
Finally, fig. 3 shows the growing neutrino mass. Again, we
observe characteristic oscillations around a smooth “aver-
aged value”. In the present model these oscillations seem
to be stronger than for constant β [1].
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FIG. 1: Fractions of matter (Ωm, highest curve on the left),
dark energy (Ωh = (T + V )/ρc, highest curve on the right) and
neutrinos (Ων , small oscillating contribution), as a function of
ln a.
The late time solution can be discussed analytically. In
this regime we can use eq. (11), β(s) = −α/s, and neglect
the neutrino pressure, wν = 0. From
∂x ln ρν + ∂x ln s = −3 , ∂x ln ρm = −3 (18)
we infer
ρν =
cν
sa3
, ρm =
ρm,0
a3
. (19)
where cν has to be adjusted in order to match the early
evolution. This can be inserted in the field equation (11)
for s
∂2xs+ ∂x lnH∂xs+ 3∂xs = −
α2
H2M2
(
Vte
s − cνe
−3x
s2
)
.
(20)
The general solution of eq. (20) describes damped oscilla-
tions around some “average solution”. The oscillations are
also visible in fig. 3.
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FIG. 2: Equation of state of dark energy in dependence on
redshift z. The upper curve shows the combined dark energy
and neutrino sector, i.e. w according to eq. (25). The lower
curve gives the pure cosmon equation of state, wh, according to
eq. (27).
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FIG. 3: Growing neutrino mass a function of redshift z, in units
of eV . We observe substantial oscillations around the smooth
approximate solution (21).
We are interested here in the average solution for which
the derivative terms on the l.h.s. of eq. (20) are small
separately. For small s and ∂xs we can then proceed to an
iterative solution s(x) = s(0)(x)
(
1 + f(x)
)
. For the lowest
order the r.h.s. of eq. (20) must vanish for es ≈ 1, such
that
s(0)(x) =
(
cν
Vt
)1/2
e−
3x
2 =
ρ˜ν(x)
Vt
. (21)
The next order indeed decays for x→∞,
f (1)(x) =
(
cν
Vt
)1/2
e−
3x
2
{
3 + 2∂x lnH
8α2
(
1 +
ρm,0
Vt
e−3x
+2
√
cν
Vt
e−
3x
2
)
− 1
2
}
. (22)
H/HΛCDM
z
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FIG. 4: Hubble parameter as function of redshift. We show
H(z) for our model, normalized to a ΛCDM model with the
same Ωm = 0.24 and massless neutrinos.
At present (x = 0) the value of s(0) is already quite small
s
(0)
0 =
(
cν
Vt
)1/2
=
ρ˜ν,0
Vt
≈ Ων(t0)
Ωh(t0)
, (23)
since the fraction of the energy density in neutrinos,
Ων(t0) ≈ mν(t0)/16 eV, is small. The leading order is
therefore a very good approximation (note f (1) ∼ s(0)).
The range of validity of the smooth average solution (21)
starts actually rather early. This is demonstrated in fig.
3 where we also display the smooth average solution (21).
We observe that the actual present neutrino energy density
ρν(t0) may deviate from the “smoothened” ρ˜ν,0 = ρ˜ν(t0)
due to oscillation effects. In the following we always will
discuss smoothened quantities, often without a special dis-
tinction in the symbols.
Several cosmological observations only involve the red-
shift dependence of the Hubble parameter. To a good ap-
proximation its late time behavior is given by the smooth
solution (21) and reads
H2 =
1
3M2
{
Vt + ρm,0a
−3 + 2ρ˜ν,0a
−
3
2
}
. (24)
The fraction in homogeneous dark energy, Ωh(t0) ≈ 3/4,
consists almost entirely of potential energy Vt. As com-
pared to the ΛCDM model the only difference arises from
the small fraction in neutrinos, resulting in an effective ad-
ditional energy density 2ρ˜ν,0(a
−3/2 − 1).
Correspondingly, the present equation of state for the
combined growing neutrinos and the cosmon is very close
to −1, similar to [1]
w =
T − V + wνρν
T + V + ρν
≈ −1 + ρν
V
≈ −1 + Ων
Ωh
,
w0 ≈ −1 + mν(t0)
12eV
. (25)
This effective dark equation of state w determines the evo-
lution of the combined cosmon and neutrino energy densi-
ties
∂x ln(ρh + ρν) = −3(1 + w). (26)
5Incidentally, the equation of state for the cosmon alone is
even closer to −1, as can be seen in fig. 2. For the smooth
solution it would read
wh =
T − V
T + V
, w˜h + 1 ≈ 2T˜
V
≈ 16
9α2
Ω2ν . (27)
Indeed, we may evaluate the kinetic energy of the cosmon
for the smooth leading order solution
T˜ =
1
2
ϕ˙2 =
H2M2
2α2
(∂xs
(0))2
=
9H2M2cν
8α2Vt
e−3x =
3
8α2
(s(0))2ρc. (28)
Its present value in units of the critical energy density ρc =
3M2H2 can be expressed in terms of the neutrino fraction
Ων
T˜
ρc
=
3
8α2
(
Ων
Ωh
)2
≈ 2
3α2
Ω2ν . (29)
However, the kinetic energy of the oscillations around the
smooth solution is much higher. The average value of T
for low redshift exceeds by a factor of more than 103 the
result T˜ (27) for the smooth solution.
The luminosity distance probed by supernovae deriva-
tion can be directly related to the redshift dependence of
H(z) by integration. The latter is given by eq. (24) for the
recent epoch and corresponds to a very mildly z-dependent
equation of state w(z). For supernovae observations or
other observations of the expansion history at low redshift
it seems extremely hard to distinguish our model from a
cosmological constant, if the neutrino mass is small. For
mν(t0) = 0.45eV the difference between our model and
a cosmological constant (with the same Ωm and massless
neutrinos) amounts only to 1− 2% in the relevant redshift
range, as shown in fig. 4. The difference to the ΛCDM
model increases for larger neutrino mass mν(t0).
For cosmological probes of earlier cosmology, like the
CMB anisotropies or structure growth, our model comes
again quite close to the ΛCDM model if α is large enough.
The essential difference arises from a small fraction of early
dark energy, Ωh,e ≈ 3/α2, which is absent for a cosmolog-
ical constant. Such an early dark energy component in-
fluences the peak structure of the CMB-anisotropies and
slows down the growth of structure. For our numerical so-
lution we have chosen α = 10 which is close to the upper
bound of a few percent for Ωh,e [8]. For larger α it would
be even harder to distinguish our model from the ΛCDM
model.
Due to the small size of the neutrino fraction Ων the cos-
mology of our model is actually very simple. To a good ap-
proximation we can simply match the early scaling solution
and the late solution, neglecting the corrections from neu-
trinos. This means that the cosmon field increases accord-
ing to the scaling solution (10) until it reaches ϕt. Then its
evolution is suddenly frozen and V (ϕ) is given by a “cos-
mological constant” Vt = V (ϕt). The matching happens
at a “crossing time tc” or corresponding redshift zc. In the
matter dominated era one has
V (t) =
3
2α2
ρc(t) =
2M2
α2t2
. (30)
In terms of the present Hubble parameter H0 and dark
energy fraction Ωh,0 ≈ 3/4 the condition V (tc) = Vt yields
t2cH
2
0 =
2
3Ωh,0α2
≈ 8
9α2
. (31)
The relation between tc and zc can be found by extrapolat-
ing the “late cosmology” with a cosmological constant Vt
backwards from the present time t0 to tc. For the numerical
solution with α = 10 we find zc ≈ 5.
The equation of state for the cosmon is well approxi-
mated by a step function
wh(z) = −θ(zc − z). (32)
At this point we notice that the precise exponential form
of the potential is actually not crucial for our scenario.
For a different cosmon potential one typically has wh(z) ≈
−1 for z < zc, while the behavior of wh(z) for z < zc
may differ from the scaling solution, i.e. wh(z > zc) 6= 0.
Nevertheless, strong deviations from the exponential form
of the potential typically need a fine tuning of parameters
in order to obtain Vt in the required order of magnitude.
This contrasts to the exponential type which needs no such
tuning by virtue of the existence of a scaling solution as a
cosmic attractor.
Neglecting Ων the cosmology depends only on two pa-
rameters, namely α and ϕt/M . The role of the third pa-
rameter, m¯ν/ǫ, concerns only the properties of the small
fraction in neutrinos, Ων . If we neglect the inhomogeneous
fluctuations in the neutrinos we may combine the contri-
butions of the cosmon and the neutrinos into a common
effective dark energy, Ω˜h = Ωh + Ων . Its dependence on
the scale factor a = (1 + z)−1 can be approximated (after
matter-radiation equality) as
Ω˜h(a) =


Ω˜h,0a
3+2Ων,0(a
3/2
−a3)
1−Ω˜h,0(1−a3)+2Ων,0(a3/2−a3)
for a > ac
3
α2 for a < ac
(33)
where ac(α, Ω˜h,0,Ων,0) is determined by continuity of
Ω˜h(a). (For our numerical example one has ac = 0.17
and the approximate formulae (33) underestimates Ω˜h by
at most 25% in a small region of a around ac.) Eq. (33)
can be used to estimate luminosity distances and other
quantities of the background cosmology in terms of four
parameters: the present value of the Hubble parameter H0
or h, the present fraction in dark energy Ω˜h,0, the present
value of the neutrino fraction, which is related to the av-
erage neutrino mass by Ων,0 = mν(t0)/(30.8h
2 eV), and
the early dark energy fraction Ωh,e = 3/α
2. Here we recall
that the laboratory value of the neutrino mass mν(t0) may
differ from the average value m˜ν(t0) due to the oscillations
around the smooth solution. For a given neutrino mass
the only parameter in addition to the ΛCDM -model is α.
6The effective dark energy equation of state obtains then by
taking a derivative
w =
1
3
∂x ln(Ω˜
−1
h − 1) (34)
=
[
−1 + Ων,0a
−3/2
Ω˜h,0 + 2Ων,0(a−3/2 − 1)
]
θ(a− ac)
and we recover eq. (32) for Ων,0 → 0.
We observe that the fraction in neutrinos remains small
during the whole cosmological history since matter dom-
ination. It decreases while the neutrinos are relativistic,
increases once the neutrinos become non-relativistic due to
their increasing mass, and finally decreases again in the
period dominated by the effective cosmological constant.
Despite the small value of Ων the neutrinos are important
for the evolution of the cosmon due to their large coupling
β(ϕ). As compared to neutrinos with constant mass the
time tR when the neutrinos become non-relativistic is much
later in our model. With Tν = Tν,0/a , Tν,0 = 1.7·10−4 eV,
mν = m˜ν(t0)a
3/2,mν(aR) = 3Tν(aR) one finds aR some-
what smaller than in [1]
aR =
(
m˜ν(t0)
3Tν,0
)
−
2
5
= 0.05
(
m˜ν(t0)
eV
)
−2/5
. (35)
For our numerical example (mν(t0) = 0.44eV ) we define
zR by the condition wν(zR) = 0.15 and find zR = 10.
The growth of neutrino fluctuations for a > aR has simi-
lar qualitative properties as discussed in [1]. Due to the ex-
tended relativistic period the neutrino fluctuations behave
much closer to massless neutrinos as compared to a situa-
tion with constantmν . Once a laboratory valuemν(t0) will
be measured, it could well turn out to be above the cosmo-
logical bounds inferred for constant mass neutrinos. This
could constitute an important test for our scenario. Pos-
sible inhomogeneous neutrino fluctuations on large scales
could be a distinctive feature of our model and are under
investigation. For the time being our model seems consis-
tent with all cosmological observations.
Let us now turn back to the particle physics aspects of
our scenario. First we note that the dependence of the
present neutrino mass on the parameter m¯ν/ǫ is not linear.
For the late time solution the approximate vanishing of the
r.h.s. of the first eq. (11) can be used to express β(a) in
terms of the neutrino number density nν(a) , ρν − 3pν =
mνnν , i.e.
β(a)mν(a)nν(a) ≈M ∂V
∂ϕ
≈ −αVt. (36)
With eqs. (7), (11)
mν(a) = β(a)
m¯ν
ǫ
(37)
one finds
β(a) = −(αVt)1/2
(
−m¯ν
ǫ
)
−1/2
nν(a)
−1/2. (38)
This yields the dependence of mν(a) on the parameter
m¯ν/ǫ and the known neutrino number density
mν(a) = (αVt)
1/2
(
−m¯ν
ǫ
)1/2
nν(a)
−1/2. (39)
It is interesting to estimate the factor by which the neu-
trino mass has increased since early times
m˜ν(t0)
m¯ν
=
M
ǫ(ϕ0 − ϕt) = −
α
ǫs(t0)
= −αΩh(t0)
ǫΩν(t0)
=
β(ϕ0)
ǫ
. (40)
For α = 10, ǫ = −0.05 , Ωh,0 = 34 this yields m˜ν(t0)/m¯ν ≈
150/Ων(t0). This can be used for an estimate of m¯ν as
a function of the present neutrino mass m˜ν(t0) (assuming
h = 0.72)
m¯ν = − ǫ
αΩh(t0)
m˜2ν(t0)
16eV
≈ 1
2400
(
m˜ν(t0)
eV
)2
eV, (41)
yielding m¯ν = (10
−7, 4 · 10−5, 2 · 10−3) eV for m˜ν(t0) =
(0.015, 0.3, 2.3) eV. This fits well with the particle physics
estimates at the beginning of this letter. One may turn this
argument around and use the particle physics estimate of
m¯ν for a prediction of the present cosmological value of the
neutrino mass
m˜ν(t0) ≈ 0.3eV. (42)
The uncertainties in the estimate of m¯ν are substantial,
however, even though their effect on the value of m˜ν(t0) is
reduced by the square root dependence in eq. (39). Fur-
thermore, the laboratory value mν(t0) differs from m˜ν(t0)
due to the oscillatory behavior. While oscillations are mod-
erate for m˜ν(t0) ≈ 0.5eV they become strong and very
peaked for small neutrino masses, e.g. mν(t0) ≈ 0.015eV .
In summary, the combination of a weakly ϕ-dependent
triplet mass (4) (or a corresponding ϕ-dependent right
handed neutrino mass mR(ϕ)) with a cosmon potential of
the exponential type (8) yields a rather interesting cos-
mology which seems consistent with the present status of
observations and particle physics expectations.
In this context, we should point out that in presence of
several scalar fields the cosmon potential V (ϕ) corresponds
to the “valley” where all other scalar fields have been “in-
tegrated out” by solving their field equations as functions
of ϕ. In our case we have a general effective potential
U(ϕ, d, t) which depends also on the doublet and triplet
fields d and t and is supposed to include all quantum fluc-
tuations. Solving the ϕ-dependent field equations for the
doublet and triplet, ∂U/∂d = 0, , ∂U/∂t = 0, specifies the
valley given by d(ϕ) , t(ϕ). The cosmon potential obtains
then as V (ϕ) = U(ϕ , d(ϕ) , t(ϕ)). An exponential decay
of V (ϕ) along the valley has been motivated by consider-
ations of the dilatation anomaly and fixed point behavior
7[5, 9]. Such a fixed point is reflected in an apparent “tun-
ing” of individual contributions to V (ϕ), as characteristic
for deviations from a fixed point for a generic renormaliza-
tion flow.
This can be demonstrated by looking at a simple poten-
tial
U = U0(ϕ) +
λ
2
(d2 − d20)2 +
1
2
M2t (ϕ)t
2 − γd2t,
M2t (ϕ) = M¯
2
t
[
1− exp
(
− ǫ
M
(ϕ− ϕt
)]
. (43)
Inserting the solution for the triplet t = γd2/M2t (ϕ) yields
U
(
ϕ, d, t(d, ϕ)
)
= U0(ϕ) +
λ
2
(d2 − d20)2 −
γ2d4
2M2t (ϕ)
. (44)
The resulting ϕ-dependence of d
d2(ϕ) = d20
(
1− γ
2
λM2t (ϕ)
)
−1
(45)
yields
V (ϕ) = U0(ϕ) − λd
4
0γ
2
2(λM2t (ϕ)− γ2)
. (46)
As long as M2t ≫ γ2/λ the variation of d is small, d ≈ d0,
and we can approximate
V (ϕ) = U0(ϕ)− mν(ϕ)d
2γ
2hL
. (47)
The second term is of the order d4 and much larger than the
present value of V , demonstrating the apparent “tuning”
characteristic for fixed points. Similar considerations also
hold for the derivatives of ϕ, including the cosmon mass
term m2φ = ∂
2V/∂ϕ2. Of course, the fixed point behavior
is a crucial assumption of our scenario that needs to be
established in a suitable unified theory.
The ϕ-dependence of d results in a time variation of the
quark and charged lepton masses and the Fermi scale of
weak interactions (in units of a fixed Planck massM). For
an appropriate time independent Yukawa coupling we may
estimate the size of this effect for the mass of the electron
∂t lnme =
1
2
∂t ln d
2 =
1
2
ϕ˙∂ϕ ln d
2
= −
(
1− γ
2
λM2t
)
−1
γ2
2λM2t
ϕ˙∂ϕ lnM
2
t . (48)
Concentrating on the recent cosmology of ϕ near ϕt we
may compare
M2t = −
ǫcts
α
M2GUT = −
ǫct
α
ρν
Vt
M2GUT (49)
with the estimates after eq. (6)
γ2
λ
≈ 10−4 c
2
t
h2Lλ
M2GUT . (50)
With (−ǫ/α) ≈ 5 · 10−3 the ratio R = γ2/(λM2t ) remains
small at present if ct/h
2
Lλ is sufficiently small. One infers
∂t lnme ≈ −R
2
∂t ln s ≈ −R
2
∂t ln ρν ≈ 3R
4
H. (51)
Compatibility with present bounds requires a small value
of R. The increase of the variation ∂ lnme/∂ ln a = 3R/4
with R is due to the divergence of M−2t for ϕ → ϕt and
therefore characteristic for triplet-induced variations.
Without going to a detailed discussion this demonstrates
that time varying fundamental constants are an interesting
issue in the scenario where the cascade mechanism domi-
nates the present neutrino mass. For variations induced
by the triplet variation - as d(ϕ) in our case - we find an
increase of the variation per e-folding towards the present
time since R increases. This contrasts with variations of
other couplings that are not directly related to Mt(ϕ). In-
deed, for generic variations one rather expects a slowing
down of the variation in the recent epoch since the evolu-
tion of te cosmon almost stops. Growing neutrinos domi-
nated by the cascade mechanism therefore suggest a com-
paratively strong variation of all fundamental constants re-
lated to the Fermi scale. We note that the variation effects
may be smaller if we realize our scenario with a varying
mass of the heavy right handed neutrinos, since the varia-
tion of mR(ϕ) does not necessarily strongly affect the cou-
plings of the standard model.
For couplings not related to Mt(ϕ) we find indeed a
decrease of the variation per e-folding for late cosmology
(z < zc). Quite generally, if a quantity X depends expo-
nentially on ϕ/M we expect a slowing down of its time
evolution as ϕ approaches ϕt. According to
∂ lnX
∂ ln a
=
∂ lnX
∂ϕ
∂ϕ
∂ ln a
=
δ
M
∂ϕ
∂ ln a
= − δ
α
∂s
∂ ln a
=
3δ
2α
s
=
3δ
2α
Ων
Ωh
≈ mν(t0)
8eV
δ
α
a−3/2 (52)
this yields for late cosmology a variation at redshift z (for
constant δ/α)
δX
X
= −mν(t0)
12eV
δ
α
(
(1 + z)3/2 − 1). (53)
This may be compared with early cosmology (z > zc)
where the scaling solution implies (n = 4(3) for radiation
(matter) domination)
∂ lnX
∂ ln a
=
√
3n
δ
α
,
δX
X
= −
√
3n
δ
α
ln(1 + z). (54)
From the successful description of nucleosynthesis we draw
the lesson that a realistic small time variation of funda-
mental constant requires a suppressed ϕ-dependence for
the couplings in the observable sector (small δ/α), perhaps
to be explained by a fixed point behavior [9] or by differ-
ent effective mass scales M/α and M/δ appearing in the
ϕ-dependence of the potential and in the observable sector.
Let us conclude with a short discussion of the “principle
of cosmological selection”. In particle physics, the values
8of fundamental parameters like the Fermi scale etc. are
fixed by the properties of the vacuum or ground state. In
our scenario this does not hold for the value of the effective
cosmological constant Vt. The cosmon potential V (ϕ) has
no minimum for ϕ = ϕt - in the ground state the value of
ϕ is infinite, with V (ϕ → ∞) = 0. Nevertheless, a cosmo-
logical mechanism stops the evolution of the scalar field at
ϕt. This is due to the growing mass of excitations - in our
case the neutrinos. Cosmological selection is conceptually
quite different from the ground state selection in particle
physics. It would be interesting to see if cosmological se-
lection could also play a role for the determination of some
other parameter in the standard model of particle physics.
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